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ABSTRACT .
\me coherence between two points of the received acoustic wave-
form after reflection from a time varying random surface is evaluated for the
far field case. A Neumann-Pierson spectrum and an isotropic sea is
considered. For the low roughness case, the coherence is computed for
wind speeds from 2 to 10 knots. For the specular and non=-specular direction,
the coherent region is on the order of the pattern resulting from the
insonified surface area. N . .
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INTRODUCTION
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A very important problem im underwater sound detection is the com-
putation of array gain. The earliest calculation of array gain assumed
that the signal was perfectly coherent and that the noise between re- |
ceivers was perfectly incoherent. Thus, the signal added as N2 and the ; i
noise as N, where N is the number of elements in the array. The array
gain is 10 log N for this idealized situation. Later work assumed that j
the noise was isotropic, that is the same in all directions. For this d
case, the noise was incoherent at half wave length spacing and almost "
incoherent when spacing between elements is greater than 2 wavelengths.

This model was later extended to the case of directional noise which
showed that the array gain was very dependent on steering directionm.

In comparison with the noise models, relatively little work has
been done on signal coherence. A notable exception to this is the ex-
cellent work by Parkins™. In this memorandum a generalization and
correction of the work by Parkins on small roughness is made. In ad-
dition, plots of coherence are provided. The purpose of this memoran-
dum is to provide a model and computations for some typical cases, for |
the coherence of a signal reflected from the ocean surface. i 3

REFLECTED PRESSURE

We will consider a single frequency waveform, exp (i2wft) insoni-
fying a finite area of ocean surface. The reflected pressuré in the

far field is | 3

A@)= L8 explcarst-hri)] v

w | L

0 it :
o ffJZ‘JJ" ﬁ (xélg;)expféi [Q,,‘XL +b‘;y: +C¢:L(X;,y,-, f)]
- GO ¢ \

An equation similar to equation #1 was utilized by Eckart?. A dis-
cussion of equation #1 and the corresponding assumptions involved for
the rough surface case are given by Nuttall and Cron3. 1In equation
#, Py (t) is the reflected complex pressure at the ith point at time
t. B is a geometric factor, A is the acoustic yavelength, Ry is the
distance from surface origin to the it th point, k is the wave number,
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A
P (x 321 ) is the insonified pressure on the surface at x,, 71' a;,
by and c are the sum of the direction cosines of the incident and
eflect ﬁ pressures for the x, y and z directions, respectively.
T(xi» ¥ is the surface height at the point xj, y; at time t.
The 1nciaent mathematical signal, exp (12#ft), has positivefrequen-
cies only. This signal is modulated by the time varying ocean sur-
face. Since this time variation is slow in comparison to the varia-
tion of exp (i2wft), then P4(t) is narrow band. This P,(t) contains
only positive frequencies. Pi(t) is an analytic signal. The real
part of P;(t) is the actual pressure and the imaginary part of P, (t)
is the Hiibert transform of the real part.

MUTUAL AND COMPLEX DEGREE OF COHERENCE

We now consider two points of the pressure field. (See Figure 1)

Fig. 1

The mutual coherence. function ]Z (’I’) , as defined by Born and Holf‘ is
T2 (™) = {AE pSCE-T)> o

Where * is the complex conjugate operator
< > is the ensemble average
7~ is the time delay between points 1 and 2

The complex degree of coherence is defined as

77 (1)

Yal™) = 77 7200
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~ By the use of Schwartz's inequality, it can be shown that

o £Vatm]|<

The upper limit corresponds to a perfect coherence of the pressures at
points 1 and 2, whereas the lower limit signifies perfect incoherence
between the points at 1 and 2, In signal processing tepminology, /;;(7)

is called the complex correlation of #‘&)and ¢) - It can
be shown that

A 9 2[7?;.(7")4-1.?,, (7")] # ¢
vhere R"‘,(’f“') = (r\)e(ﬂ'»(t))ﬂe (ﬂ*ﬁ" ""))>
™) = <{Re b T (# (=% ) >

Where Rc and Im signify the real and imaginary parts, respectively.
Thus, from equation 4, the correlation of two signals at points 1
and 2 may be obtained, since

MUTUAL COHERENCE FUNCTION FOR A TIME VARYING SURFACE

and R},

From equation #1 and referring to Fig. 1,
ﬁé'-')ﬂ*(é ™= exp[caﬂf'r')exp(ulm R)) BAier e

f///dx 49, dx dg. £ (2,9 FCx0 4.) s5
.GXPEL-&(Q X,~Q 2, +b, g - b Y + C.T - CT, )J

In order to keep the oyd:olo to a minimum, we will set T=o » and

K eXF[‘ ‘-&(Ri Q‘I—ﬂ ‘Ro

We take th embl f %) P ¥ d ill d
th.n:u.o.. Mc ensemble average o (l, @ LXE)> and ve w rop
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(‘#: ﬂ:&): k,,f{//'yx' JJ‘ dx, 49, ‘#f'["u ) ‘ﬂlx" ) ne
cexplcb(a,x,~a. % +4Y,- b‘z.y,_)] {exp[c'le (c.T,- C‘J;.)j>

We will assume that the surface height is Gaussian distributed. Kins-
man’ cites experimental data showing that the surface height is very
close to a Gaussian distribution.

exp[iA (T -aL)]> < [fd59% explihiar,-c.r ) f67) f

and for a joint Gaussian 7@ (7,,7,) this becomes

(QXP[:L'k(C,T,- C'zT,_)j) = eX(’E’ "A—I;_—CICC}'/-C;}—QQ G C"ﬂ %7
i B where
' iF cb: P.Cx:"xt.) yo‘(dz.) ér-t‘—)

substituting 7 1ntq=o equation 6, we obtain

LRBED <IN dx 4 g, duly, fx g) Fxe 1) #3
exp [cR(a,x,-2.x, +_L, di-b.9. )] expl- i,_’l"‘ﬁ:}f-c:)]exp[&’-r‘q c._?]

SMALL ROUGHNESS CASE i

In this section, we consider the small acoustic roughness case. |
For this case we can expand the term exp( 4% 'C,C:f_| in equation #8 : §
“ ir

4 exp[R'c*c el Xi+Rhs e *,
4 since €% L | this expansion is sufficiently accurate if £*€C, &
&< | . Substituting equation #9 into equation #8, the first term of

. equation #9 results in a coherent component and the second term re-
i'_; sults in an incoherent component.

The first term called the coherent component is ¢
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(J’ﬂg*> = 5 "—Xf*t‘ é;fl(c,"-'-cl'z] # /0
ff/fdx,dy, dx.dy, ﬂd(xu 9. Fex, 4.
: exf;[',,_é(a X, - ctz.z +L #:' 6‘3‘)]

The incoherent term is

(,,@ B *>r“ K ex p[ -4“‘"@, +c")] #
’fff/ﬁ‘r‘c,cge #(x,,y,) J’»(x,, D expl i k(- 2uXeth, .- b,y,)]

'rhe coherent component in equation #10 can be integrated for some values
' (X,4) . In this study, it will be integrated for Gaussian insoni-
ﬁcation The incoherent component is more difficult.

Let us now consider equation #1l. We will assume that the proper-
ties of the surface depend only on the difference of the coordinates.

Let U = x,~- ZZ
V= Y-
iz ( B A - kexpl-RE(cretY] RrCa €Co,u,0)

fff/dudvdx J;{,_ #[x vy, ‘J;*V)#("'—; 4.)
P eXPE #(a, [z,_+u) Qe ZX, + b(Y,+v)~ l"-%-)]
Let o= A, *+B8
(Gl A 7
then

<#'£:>Iu =k QXPF &é"zc.%c:—)]ﬂ*;'-q 6 CCy, v 0
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. explefa, (44 2)-uld-2) 4 b (B4E) - bu(€-X) |

We now assume that the effective extents on the surface of the incident
illumination _ﬂ? are much larger than the distances at which the sur-
face heights are statistically dependent on each other. That is, the -
correlation distance is much less than the insonification distance.
Using this fact, we may approximate equation #12 by

AR, = K exp[- A€ e ve) | #/2
[Jdedr econ Dexefih [ (52 0 +eth) ]
Sl dtde £, @ expfihlca-ed< + (b -0)6] ]

Equation #13 is a generalization and correction of Parkin's work.
Equation #13 is symmetric with respect to points 1 and 2, whereas
Parkin's results are non-symmetric. For the case of Gaussian insonifi-
cation, Parkin's equations result in incorrect coherence values. '

Thus for the incoherent component, a four fold integral has been
approximated by the product of two double integrals. Equations #10
and #13 are the general equations for the coherent and incoherent
components.

GAUSSIAN INSONIFICATION AND NEUMANN-PIERSON SPECTRUM

We will now obtain the equations for the special cases of Gaussian
surface insonification and a Neumann-Pierson height spectrum. Let the
surface Gaussian insonification be

: 4/:(":2 #.) - e"PE‘(a%yJ??

Thus the insonified pressure is | at the origin and falls to a value
of /VE' at a distance of L units from the origin.
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Let us consider the integral

T . fdx exe(- 2 )exp(iha,,)

Completing squares or using the analogy of the characteristic function
of a Gaussian distribution, we obtain

5 .4_2 +#/
T, =YVame €xP ( '
Thus for equation #10, we have

4.«#2(. = k¥(arLY) exP[ ‘4 L (Q-"+Q +b>+ b, ﬂ /5

Let us now consider the second double integral in equation #13. This
integral is

Iﬂ. = ,/“_i/‘ﬂl"( J@ ﬁz["(l P) eXPZ‘(:-A[:(Q-A"Qz)o( 4’(L¢" bz) @J}

Again 2
£es 0= exp[ - (k€D
Using the results as given in equation #14, we obtain
I, =Tl exp[ - fé':(q'_ Q’-TLj exré[_-‘ (- B‘)?_Lj #/¢
Let us now consider the first double integral of equation #13.
f Clyyo)e : L+, !
/ (Vo) exp ‘--é[:e' = )u +(-;L;)\i7} dvdv

For brevity purposes, let

~. : T - b+

T

We now express surface spatig} correlation Ccy, V/o) in terms of the
directional wave spectrum A*( kx, kc,) . K, and are the surface
wave numbers in rectangular coordinatu. From Kinsman
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2 " 4
G PCU)‘S O):-"{.:fc‘ kakJ At(kzlky) Co s CKgU'}‘KyV)

Thus oo "
I =_{°vaJvexp[cA (av+b V)j
S bkt i ) s Chave )

Let .
cos(kx VU + KyV) = explc (kxv + Ky v)] +expl-iC kzu.'.KyV)J
then 2
g A
Ty= S dky A" (e, Ky)
:“ AE6* :
'/»’ Lexp{c‘[(-éa +ke)u + (kb + K})_\j

s o5k + (T T}]

Integrating over u and v and using the relation
[exp Cidv)dv = 21 J&)

where J(‘O is the Kronecker delta, we obtain
Ty = [fdkndky ACka kg Yo [ §C G+ RS B4+ Ky)
+ §(aR-ke) S(LT-x)]

Intogi:attng on K, and v\,. we obtain
ant [ 4 ~ £ N i %+ )7
1, - 2 frfak - Th) + K (ck, T4) |
In order to obtain some numerical values of coherence, we will assume
an isotropic sea, that is waves equally likely in all dtrgctiom. To

9
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obtain this, let us first state the relation between the directional
wave spectrum in rectangular and polar coordinates.

Then, (See Kinsman).

frce ) = T A (i 05) 40 () -

(k2 + K757

G* 2*3/1. (at.,_ 5'7-)3/"’

TS C T By N N S

For an isotropic surface A“(w o &) = A." (“))

2T ,
e Tl /g
“_ ol AR P
Ee e g -
2w {B%s™ I e

N Thus, we have evaluated I, for a general directional wave.spectmm
o | (equation #17) and for an isotropic sea (equation #18).

For the Neumann-Pierson spectrum

A.:-(w)': 2 :)"‘ ex P[ wr St e

where g is the acceleration of gravity
8 is the wind speed.’

i, i e, T e S S e et i
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EQUATIONS FOR COMPUTATION

For the reader's convenience, let us now collect the equations
needed for computation. As stated previously, for Gaussian insonifica-
tion and an isotropic sea with a Neumznan-Pierson spectrum at a point

B2, - kb exe[- RL (af #47 +az +£:)J #20

<f »ﬁf‘%nr ko Lt exr[' £*(e, -:-;)" ‘-j]ex,o}:- 4+ Z-Jn "‘Lj

i )
Lm0 [ AN(GE(E I papne g #3
am Y+ g at+ )

where

LS
.= B,. Qxﬁ(c’amﬁr)exp)’_:%[i?r @Q] e.xPE- ‘g.:FYCIL‘FC:) !
A Rn R‘L 7
The other terms have been defined previously )
w N #2272
Arler= 5 cexe (-24, .

Let T26 and consider points 1 and 2 to lie on g circle with the
center at the origin, so that Rl-Rz.

In the cgs system g=980.665 cm. If s is expressed in knots, then
to change to cm/sec., we must multiply by 185,200/3600. In equation
#22, ¢=30,500. If the wind speed is specified, then the mean square
height of the surface may be obtained. This is

c*= C%E—F3 (%)5-

Thus for the Neumann-Pierson spectrum, the mean square height is
proportional to the 5th power of the wind speed. , It should be noted
that although we have separated the equation forq'- ﬁz‘ into coherent
and incoherent components, the computer program will add the two fac-
tors together with the corresponding constants. To find the complex

11
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ree of coherence, it is necessary to evaluat:e<«ﬁ’ "’*) and ( 10‘7. ﬁ*7

.<? ’e is obtained by setting aj=a,, bz-bl ana c2-c1 For example
fton equation #20, we obtain

BA  HamT exe AL (act 42

The computer program for the computation of the complex degree of co-
herence is given in Appendix A.

RESULTS

For our computations, we have chosen a frequency of 400 Hz and an
angle of incidence of 45 . The incident and reflected ray ar= coplanar
with the normal to the surface at the origin. One of the reflected
directions was fixed at 0=45°, (See Figure #2).

F | Fig. 2

The other direction was varied in .1° increments from 41° to 49°. The
wind speed was held fixed for each computer run. In Figure #3, 3
computer runs are shown for wind speeds of 5, 7.5 and 10 knots. As
stated previously, O represents the ditection of the second reflected
E B ra Since the first ray is fixed at 45° , when the second ray is at
k| 45 s a complex degree of coherence of 1 is obtained, by definition.
= B All 3 curves are thus correct at 0=45 ., All 3 curves show perfect co-
E B herence for @ close to 45° and all 3 curves are zero when @ is 2° from
- B 45°, Physically, the ray in the specular direction has a coherent

i component which is high at low wind speeds. The coherent component de-

12
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creases as O goes further away from the specular direction. The co-
herence between the two rays is due to the coherence between the two
coherent components. However, the coherent component is almost 0
vhen the direction is outside of the beamwidth (BW) of the insonified
region. (See Nuttall and Cron3, Equation #7) For an L=32 A , such
as chosen in these computations,

& A 180 L ke 0
BW =< degrees ..3._.}_1_;. _/,77

Thus the BW is on the order of 2°.

As L is increased, the coherent region decreases. It should be
noted that in the farfield, a coherence on the order of a few degrees
may represent a large linear region of coherence along an array. 5
knots represents a smoother surface than 7.5 or 10 knots and thus has
a larger region of coherency.

Some of the parameters associated with the case shown in Fig. 3
are tabulated in Table I.

Speed in 'Y 8= hes @,2=-k.‘6'"C. Ci
Knots in cms
2 «27 ; . 0062 : .000039
5 “ 246 .0617 .0038
7.5 7.28 .1699 .0289
10 14.95 « 3488 1216

15 41.21 ; 9611 <9503

Note that the wind speed of 15 knots has a G2 that s close to /
and therefore does not fall into the category of small roughness.
For a wind speed of 2 knots, the surface is almost like a_smooth
mirror and computation shows a coherence of / from 41  to 49°.
It is probably perfectly coherent in all regions.

Fig. 4 represents the case of one position fixed at the non-
specular direction of 55°. For this case it was found that as the
wind speed changed from 2 to 10 knots, the curves did not change much.

13
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The coherency drops much faster for this case then for the specular
direction. Fig. 5, represents the case of one position being held at
65°. The difference between the 2 knot case and the 10 knot case is
hard to distinguish on the plot. An investigation of the parameters
shows that both curves are dependent on the tails of the surface wave
height spectrum. However, the tails of the wave height spectrum are
very close to one another at high surface frequencies.

-CONCLUSION

A model and equations have been obtained for the spatial coherence
in the far-field for a signal reflected from a time varying random sur-
face. Computations and plots of values for specific cases have been
presented. Only the low roughness case has been presented.

Plans are being made to obtain the incoherent component of spa-
tial coherence for arbitrary roughness. The Fresnel region case is
also being considered. In addition to this, experimental data of
elements of an array have been obtained and will be analyzed in the
near future.
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APPENDIX A Al
_ COMPUTER PROGRAM

i e = e A 55 A% o 4 2

PARAMETER NP=080)NP1=NP+))NT=NP+1oN1=NP+2/N2Z(vP+3 =
REAL X1(N2)eY1(N2),BUFFEK(10000)

IMPLICIT DOUSLE PREC[SIOiW(A=Hy0~2) =

DIMENSION CO(NPL) :
 FORMAT (506,1¢09,4¢05,0) S o
FORMAT (1X»6016,8/6016+8/0D16+8/7)

DEF INE FQ(X:Y)-SGRT(SGRT(th+Y*Y)) S e R
SPMT=50,9D0

Sp=51,D0 e [ lie S N R
CALL PLOTS(BUFFER010000'O)

~ CALL PLOT(0000100) R R P A B A ol SO B U A

CALL PLO](000000-3)

CCM=30,4500 o e e R S
CFM=30500,D0

=90, 66500 . = . ..

¢=5000.0D0

g R e e e s o e e e e

F=400,00

_PI=3.141592655589793g400

AMODA=C/F

T T R e R A I R e e SRS

WN2=WIyEWIN
CF=P1/180,00 S PR A e
READ (3031 0ENO=32) TIoHI e T519HS1#HS2¢SKePL

~ PL=PLxC/F

PL2=PL*PL,

b e S e S R G I

GNF=GNF *oNF
52=5%S5

G P e el e L G

IR e e e i

SC2=5C*SC

SC5=SC4#SC ;
L o RS S o SR oo e

|

} .

| f
|

|

BEST_AVAILABLE COPY

S=cKe185200,00/3600,00 ° oo
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A-2
306% SPIDe=SART (Pliu2)
3 9T VARSCFM*pID2*5P1U2%3,00%5CS D e R R IR
E © 38s= SIG=SQRT (VAR)
1 e ReER NIERSRLINRY o e
3 40x. TS2=NTS2%,100+SPMT
E _4dx  TS2R=TS2*CF._. ¢! S ity
1 42 - TIR=TI*CF
] Rge o MIRSHIREE o e S
B % TS1R=TS1%xCF
S eeRmEGE e e S R S e O L M e il
4O HS2R=HS2*CF
_ 47 AI=SIN(TIR)*COS(HIR)
48x B8I=SIN(TIR)*SIN(HIR)
g 49 = C1=COS(TIR) 5 5 S A
) 50% AS1=SIN(TS1R)*COS(HS)R) |
: 5l®  BS1=SIN(TS1R)*SIN(HSiR) S L et iR
E H2x CS1=COS(TS1R) :
k| _ 838 ASPSSIN(JSeR)sCOS(MSeR) . . . . oo ]
3 S4* BS2=SIN(T1S2R) *SIN(HS2R) H
. 59 ... .CS2=COS(71S2R) s G b e PR SRR
H6% AL=Al+AS] ' : i
3 ks - eMGamead T T SRR DRSS SO R SR e
: R L C1=Cl+CS) ;
z 59% A2=Al+AS2 :
: 60% 82=681+B8S2 ;
B ols C2=C1+CS2 AL e : ok
i 0l AS-(AL*A&)/Z. : i
al e o o mesiBlYReY /e s ey
oux ARGAL=WN=A1*PL t
I 65 ARGAZ=WN#A2*PL e
Al 66% ARGB1=WN=B1*PL !
| o7% ARGBZsWN#B2*PL S e s
E | oo ARGDA=WN=PL*(A1=A2) : v
3 . _ o9 ARGDBz=WN#*PL*(B1=B2) _ __ .
b | 708 ARDAZ=ARGDA*ARGDA
| : |
| ]
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? ¢ . A-3
. S
B! /
B ;
| 2 “RDB&-ARbDB*ARGDB ; g 3
5 72% SAl'hXP(-ARGAL#ARGAI/Zo) 2
;f | 73% fSBl-tXP(fARGdltkkGallaa)“_ : Sl e R i e T k
E | 4% SA2SEXP (=ARGA2*ARGA2/2,) : " ’
E . 75%. _______ SB2=EXP(=ARGBz*ARGB2/2¢) .. . . _ __
E 76% . CC=SA1*Sp24501%582 .
P | 7T+ . CCzCC*GNF Sale R T
E 78% 18 OMEGSSQRT(G*WN)*F4(A1eB1) . 3
& | _79% IF(OMEG) 19920019 Sl e ;
E 80x 19 A10M-CFM*EXP‘—2.*G¢G/(0McGtOMEGtSZ))
E ’ 8% ALOM=AlOM/(OMEG**6) = i
T uex* CINF-SGR!(WN*G)*(PI**S)*PLatz :
!  B3x CIN:CINF*C1*C&*EXP(-ARDA¢/Q.)tEXP(-ARDle4o)__ g
S4x* OM12=SQRT (G*Wiv) *F4 (AS»BS) !
_85% OM122=0M12%%2 SRS R |
86% A12M-CFM*EXP(-2.*606/(OMLZZ*SZ)) j
__oT®  Al2M=A12M/(OM12ex6) A
odx F12=F4(ASsBS) %#3 E
89x 60 To a2 2 dh o i S 3
E | 90# 20 CIN=0
E | C ofe 23 SpYo= SAI*SAI i b e e L e ! 3
L | 92+ $B12=5B14SB1 | 1
! Q3% . SpPe=SA2sSpe Tk ] 4
6 | 9% Spa2=5B2*SB2 : :
| - 95% Cl11=5A12»SB28 - A P 1
| 96% C11=C11*GNF bt :
E |  glx  Cze=SAz22aSB22 e ,
| ‘ 9o C225C22#%GNF = ,.
4 eom T RSISiPGlALBY ey 0 o ]
| 100%* IF(F4(A1,B1))51+¢50,51 = : 4
- ' 10lx ,,u,A51YCIll-CINF*cl*CItAIOM/Fll i L _ 3
102» 6o TO S2 : . )
_103% S50 Cjil=0, !
104= 52 OMEGZ-SQRT(NN#G)#F“(AZoBg) i
! _105* ,,__V_____,__,,,IF(0Mt52)23v2‘0025 S e ;
t
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Tech Memo
4 No. 'mu-z.e,-'nA
a
© Jybx ‘23 OMEG22=0MEG2+0UMEG2
107 A20MSCFM#EXP(=2,%6%G/(0McG22%s2)) === = |
‘198% A20M=A20M/ (OMEG2*%*6) .
Q9% - Fop=(Fu(a2.B2))ex3y 00000
110= . CIN=CIN*A12M/F12 : g
_l1lx - GxYSCC+CIN ; RE ARSI, So2%
112% CI22=CINF#C2#C2#A20M/F22 10
113* 0 _,_uwbo T° 25 e o R e s RIS S T SR R T
114 24 CI&Z-O
119 = 25 exx-C11+c111,n”__““-“_-“.
110% eyyvy=Ce2+Cl22 .
117 L h COEN=SORT(GXX)*SeRTtEYY) . - et
118%» COH=6XY/CDEN
119» o COENES2)EABSCONY .
1202 BET=WN*C1%S16 :
121* BET12=WN2*Cl*C2*VAR s e
122* NRITt(4063)SKrSIGvBEthEIIZoTSZvCOH
129 26 CONTINUE , L et e A S e
S PL L 00 &0 NTsz-loNPl .
125 L RLIRISRISNISER IDUeSPNMT . e
1co* YI(NTSZ)-CO(NTSZ)
127 40 CONTINUE S R e R e R A R R e SN S B
129% : XL(NZ)-Z. Tt sl il R R e R e s e e e o
150% Y1(N1)=0,
1o1= _YL(NZ)=,2 -2 i e e et T T O
I 71 CALL LINE(XI!YI.NT.I Ooo)
199% ._...60 70 30 ; i
154x% 32 CALL AXI&(O..0.0IZHTHETA IN DEG.-IZ.“..0.0lI(Nl)OXI(NZ)plo,)
135« _ GALL AXIS(0e204 9 9HCOHERENCE»+9005¢090,oY1(NL) oYL (N2)»10,)
156= CALL PLOT(20¢00460=3)
:azt E gn:: PR IRl T e
L 130 T
- 139*

S END,- e S — S T — . < —— . War e e @ b o o E i i i e . o
.

* BEST AVAILABLE COPY
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